Reirnan et al. (21) , in 1945, produced viral disease in healthy Alterations in pancreatic function and structure were examined in suckling mice infected intraperitoneally with reovirus type 3. The results were compared to pancreatic zymogen enzyme activities and histology in adult mice infected with the same virus. No effect of the reovirus type 3 on the adult mice could be elicited.
Alterations in pancreatic function and structure were examined in suckling mice infected intraperitoneally with reovirus type 3. The results were compared to pancreatic zymogen enzyme activities and histology in adult mice infected with the same virus. No effect of the reovirus type 3 on the adult mice could be elicited.
In contrast, the suckling mice infected by the reovirus type 3 revealed a definite change in pancreatic zymogen enzymes. However, the zymogen enzymes were affected in a nonparallel fashion and three groups of enzymes with different responses were noted.
Amylase and lipase activities were significantly diminished (P < 0.001) at 6 days of viral infection. The endopeptidases, trypsin (P < 0.025) and chymotrypsin (P < 0.001) activities were increased significantly in the infected group. The exopeptidases, carboxypeptidase A and B in the infected animals were not changed significantly compared to the control.
It seems reasonable that the reovirus type 3 infection in the suckling mouse causes diminished lipase and amylase activities that might contribute to the pathogenesis of viral enteritis.
volunteers with the oral admin(stration of a stool filtrate. ~ecently, Hodes (12) , in summarizing the present knowledge of human viral gastroenteritis, enumerated several viruses that have been proven or are suspected to induce a symptomatic enteritis, the rotavirus being the most common agent in children under the age of 5 yr. Other viruses that can cause gastroenteritis include the parvovirus and corona virus.
The pathophysiology of viral enteritis in the human and in various exverimental animals has been studied extensively. Bishop et al.
(1) demonstrated diminished disaccharidase activi6es in thk proximal portion of the small intestine in children suffering from acute viral enteritis. In the newborn piglet model, infection with either human rotavirus or transmissible gastroenteritis virus resulted in a reduction of the sodium potassium ATPase activity (3, 15).
Changes in pancreatic function as a result of an extension of the viral infection to the pancreatic parenchyma may contribute to the pathophysiologic mechanisms operating in viral enteritis. To the author's knowledge, there has been no previous study to elucidate alterations in function or structure associated Speculation with the acute viral enteritis. In order to investigate this relationStudies on viral enteritis in infants and young animals have s h i~9 a the was The primarily implicated changes in the small intestine as the cause of the effect reOvirus type On the 'ymOgen diarrhea. The viral invasion of the intestinal mucosa causes villous pancreatic enzymes and pancreatic cell destruction and as a consequence, the mucosa generated is immature and incapable of handling normal salt and water absorp MATERIALS AND METHODS tion.
In addition, changes in pancreatic function as a result of an A study group of 24 suckling mice were injected ip on the 9th extension of the viral infection to the pancreatic parenchyma day of life with 1 X 10' plaque forming units (PFU) of reovirus might contribute to the pathophysiologic mechanisms operating in type 3. A group of 24 matched control animals were injected ip viral enteritis.
with saline. The suckling mice were taken from 6 litters of 8 pups In the infected suckling mice, only amylase and lipase activities each. The litter was separated into four mice that were injected are diminished to a large extent, while trypsin and chymotrypsin with the virus and four mice that were injected with saline. Three activities are elevated and carboxypeptidase A and B activities of the suckling mice who were injected with reovirus type 3 died remain unaffected. The nonparallel change in pancreatic enzymes during the time of the experiment. Twenty-three mice were subtoward a viral insult can be explained by a separate effect of the sequently killed at 3 days and an additional 22 at 6 days after virus on the biosynthesis of each of the zymogen pancreatic viral inoculation. A third group of twelve adult mice were injected enzymes. It is conceivable that amylase and lipase while in a in the same fashion and were subsequently killed at 3-5 days after developing stage, are more affected by the virus than the other viral inoculation. A fourth group of eight adult mice were injected pancreatic enzymes which are already developed to a certain ip with saline. extent. Another explanation is that lipase and amylase activities The mice were returned immediately to their litters after inocare intrinsically more prone to be decreased in response to differ-ulation with virus or saline. They continued to be breast-fed. ent disease states affecting the pancreas. Diminished lipolytic and Adult mice were maintained on a standard Purina Chow diet with amylolytic activities due to viral gastroenteritis is a possible food and tap water given ad libitum. contributing factor of the diarrhea in infants and children.
At the specified times, the sucklings and adult mice were killed by cervical dislocation. Each pancreas was immediately placed in storage at -20°C for subsequent enzymatic assays. A second Gastroenteritis is one of the more common diseases occurring portion was placed in a 10% formaline solution for histologic in the pediatric population. The etiologic role of viral agents in analysis. A third portion was placed in storage at -60°C for producing gastroenteritis has been suspected for many years. virologic study.
I PANCREATIC STRUCTURE AND ENZYME CONTENT
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For enzyme determination, tissue was weighed, diluted 1:50 with ice cold water and homogenized in a Potter-Elvehjem glass homogenizer. After activation with the addition of exogenous mouse enterokinase, the homogenate was used for determination -of the subsequent enzymes.
a-Amylase (E. C. 3.2.1.1) was determined from the colored product formed by the reduction of 3, 5 dinitrosalicylic acid by maltose liberated from the starch substrate. Activity is expressed as micromoles of maltose liberated/min/mg of protein (2) .
Lipase (E. C. 3.1.1.3) activity was determined by the potentiometric titration (at a constant pH 8) of ionized fatty acids liberated from a triglyceride (olive oil) emulsion with normal NaOH. Units are expressed as micromoles of NaOH/min/mg of protein (10) .
Trypsin (E. C. 3.4.4.4) activity was measured from the hydrolysis of P-nitroaniline from the substrate benzoyl-DL-arginine-Pnitroaniline (BAPNA) at pH 8.2 and 25OC. Units are expressed as nanomoles of P-nitroaniline hydrolyzed/min/mg of protein (6, 20) .
Chymotrypsin (E. C. 3.4.4.5) was determined from the rate of hydrolysis of N-benzoyl-DL-tyrosine ethyl acetate ester (BTEE) as measured by the change in absorbance at 256 nm with time. Units are micromoles of substrate hydrolyzed/min/mg of protein (13) .
Carboxypeptidase A (E. C. 3.4.2.1) was determined by recording the change in optical density at 254 nm with hippuryl-L-phenylalanine as the substrate at pH 7.5 and 25OC. Units of activity are expressed as micromoles of hippuric acid hydrolyzed/min/ml of enzyme preparation (9) . Carboxypeptidase B (E. C. 3.4.2.2) was performed in the same manner as for Carboxypeptidase A, except that hippuryl-L-arginine was used as the substrate, incubated at pH 7.65. Units are expressed as micromoles of hippuric acid hydrolyzed/min/ml of enzyme preparation (8) .
Reovirus type 3 was obtained from Dr. Taber (Roswell Park Memorial Institute, Buffalo, N.Y.). The virus pool was prepared in mouse L929 fibroblasts and titered 4.3 x lo8 PFU/ml when assayed on the same cell line.
In order to determine the amount of virus present in pancreatic tissue, pancreases from 5 infected mice were homogenized. Standard virus plaque assays were performed on mouse L929 fibroblasts and the results expressed as number of PFU/g of tissue.
Statistics: all results are expressed as mean + SD. Differences between mean values within group were determined by paired Student t-test. Differences in mean values between groups were determined by unpaired Student t-test. P values less than 0.05
were considered significant.
RESULTS
The histology of the pancreas was determined on sections obtained 3-6 days after viral inoculation in both adult and suckling mice. The architecture and acinar cells appeared normal at both times. Only in the specimens obtained from suckling mice 6 days after injection, was a mild mononuclear infiltrate observed.
In the suckling mouse, viral injection produced a distinctive and variable response of the different pancreatic enzyme activities. The specific activity of amylase was significantly decreased in suckling mice injected with the virus at 3 days (P < 0.01) and 6 days (P < 0.001) after innoculation (Fig. 1) . The specific activity of lipase was decreased in suckling mice injected with the virus 3 days ( P < 0.05) and 6 days (P < 0.001) after inoculation. The endopeptidases, trypsin, and chymotrypsin, were increased in the animals with viral infection (Fig. 2) . Trypsin activity was increased in the group of mice killed 3 days after viral infection in comparison to the control group (P < 0.025). The same phenomenon was found in determining chymotrypsin in the infected group killed 6 --days after viral inoculation, in-comparison to the control group ( P < 0.001). There were no statistically significant differences in the specific activities of carboxypeptidase A or B between infected animals and the control group. In the adult mice, no alterations in the specific activities of the pancreatic enzymes were demonstrated in the infected animals as compared to age matched controls (Fig. 3) . Reovirus was present in the pancreas of suckling mice on day 3 and 6 of infection. On day 3, the virus titered 2.4 X 10' PFU/g of tissue, but declined to 2 X lo3 PFU/g by day 6.
Effect d ReoVirus on Pancreatic Enzymes in
DISCUSSION
Acute gastroenteritis in infants and young children is a major cause of morbidity and/or mortality both in the developed and underdeveloped world (26) . Viruses have now been shown to be the major proven etiologic agent responsible for acute gastroenteritis, especially those occurring during the winter months (19, 29) . Rotavirus, also known as orbivirus, reo-like agent, duovirus. and the infantile gastroenteritis virus are the major causes of infantile and young children's gastroenteritis (14) .
The etiologic association of a reovirus-like agent with acute gastroenteritis in young children has stimulated an interest in developing an animal model for further study of various patho-BRANSKI ET AL.
Effect of R-RioVirus on Pancreatic Enzymes in Adult Mice
Amylase Lipase Trvosin Chymotrypsin Fig. 3 . Effect of reovirus on pancreatic enzymes in adult mice. No significant differences from controls for the enzymes tested were observed in adult animals at 3 and 5 days postinfection. Apparently, the maturing pancreas is more susceptible to the viral infection than the adult.
physiologic events in the enteritis process. Various studies have shown that the human viral agent can induce a gastroenteritis in newborn piglets (25) , monkeys (30) . calves (17, 18) and possibly mice (5). According to Flewett et al. (7) , the reovirus-like particles present in infant feces and the virus causing acute diarrhea in newborn calves were found, upon electron-microscopy, to be indistinguishable from each other. The calf and human viruses differ from reoviruses in shape, size, and immunologic properties. Others (25) have claimed that the viruses that cause epidemic diarrhea of infant mice, neonatal calves, and pigs are indistinguishable from the human virus. It was shown (26) that no crossreactions were found between neonatal calf diarrhea virus and reovirus types 1 and 3 by the fluorescent antibody technique.
It has been shown that reovirus type 3 invades the pancreas (22) . Based on these findings, an attempt was made to produce an infant mouse model, infected by reovirus type 3, for the purpose of studying viral effect on pancreatic function and morphology, which may contribute to the pathogenesis of gastroenteritis. In order to partially compensate for the immunologic advantages of breast milk, the virus was injected ip. Despite the absence of pathologic changes and the presence of normal looking acinar cells, changes did occur in the zymogen enzymes. There is a need for ultrastructural analysis of the pancreatic acinar cells to determine if there are subtle changes in the pancreas without overt destructive or inflammatory tissue involvement.
The response of the pancreatic enzymes to the viral infection can be subdivided into 3 classes. In the infected suckling mice, the amylase and lipase showed diminished activity when compared to the control group. The endopeptidases, trypsin and chymotrypsin activities were elevated in the infected mice when compared to the control group. The exopeptidases, carboxypeptidase A and B had the same level of activity in infected and control mice. This nonparallel change in pancreatic enzymes toward a viral insult may be explained by a separate effect of the virus on the biosynthesis of the various zymogen pancreatic enzymes. Amylase activity in human beings is virtually nonexistent in the first 3 months of life and very low until the second half of the first year of life (16) . It is conceivable that amylase, in a developing stage, will be more affected compared to the other pancreatic enzymes that are already developed to a certain extent. Lipase also showed diminished activity in several diseases such as exocrine pancreatic insufficiency (1 1) and pancreatic tumor (4) . Also, lipase is developed later than the various peptidases.
It is more difficult to explain the increased activity of the endopeptidases in response to the viral infection. One may speculate that if there is a decrease in biosynthesis of certain pancreatic enzymes, the other may have enhanced production. Other possibilities, such as decreased activity of inhibitors or repressors to the endopeptidases cannot be ruled out.
The results of this study reveal the activities of zymogen enzymes in the acinar cells without determining the rate of biosynthesis or secretion of the enzymes during the period of viral infection. Further work is needed in order to elucidate the mechanisms of the effect of the virus on the zymogen enzyme activities.
Pancreatic enzymes are synthesized in the acinar cells on attached ribosomes and then transported to the Golgi apparatus, where glycolyzation, condensation, and encapsulation occurs (27) . Maturation and storage of zymogen granules is later completed and secretion of the proenzymes takes place, in response to such stimuli as pancreozymin and secretin. These hormones are produced in the mucosa of the proximal part of the small intestine, an area which viral infection has been shown to invade and damage (23.24) .
In conclusion, the change of pancreatic enzymes in response to viral infection in suckling mice is nonparallel with low amylase and lipase activities. ~l t h o u~h it is dangerous to extrapulate from animal data to human beings, diminished amylolyic and lipolytic activities due to viral invasion of the pancreas should be considered as possible contributing factors in the diarrhea of viral in infants and children.
